Using Direct Test Mode
BL654PA Series

Application Note v1.1

1 INTRODUCTION

The BL654PA firmware natively supports Direct Test Mode (DTM) commands as specified in the Bluetooth SIG’s Bluetooth
Core Specifications v 5.0 vol. 6 part F - Direct Test Mode, accessible from the following link:
www.bluetooth.com/specifications/bluetooth-core-specification

The purpose of DTM is to test the operation of radio at the physical layers such as for transmit power and receiver sensitivity.
This is useful for regulatory EMC testing or for co-located radio testing with another radio system.

This radio test can be carried out by dedicated test equipment (such as Anritsu MT8852 or similar) with the BL654PA in DTM
mode as the device under test. Alternatively, you can send DTM commands from a PC using a terminal program such as
UwTerminalX. In both cases, the DTM commands remain the same.

This document describes BL654PA radio testing using the in-built Direct Test Mode (DTM) firmware and Nordic’s nRFgo
Studio or Laird Connectivity BleDtmRfTool.
=  Entering DTM mode for the BL654PA

= Using Nordic nRFgoStudio DTM panel (or Laird Connectivity BleDtmRfTool) to BLE radio test BL654PA in either
Transmit or Receive mode.

=  Exiting DTM mode for the BL654PA

2 REQUIREMENTS

To use DTM, you need the following:

= DVK-BL654PA development board

=  Windows PC

= UwTerminalX by Laird Connectivity (available at https://github.com/LairdCP/UwTerminalX/releases)

=  Laird Connectivity BleDtmRfTool — This is available from the Documentation section of the BL654PA product page.
Note: You must be logged into your Laird Connectivity account for the BleDtmRfTool to work.

=  Nordic nRFgoStudio application software (the complete install found on the Downloads panel at the following link:
http://www.nordicsemi.com/eng/Products/Bluetooth-low-energy/nRF52832

Note: Please install the correct version (32- or 64-bit) for your operating system.

Software tool for nRFgo Starter Kit and Development Kits for 32-bit (x86) Windows

nRFgo Studio-Win32 XP, Windows Vista, Windows 7, and Windows 8 1212
. . Software tool for nRFgo Starter Kit and Development Kits for 64-bit (x64) Windows
MR SRR Vista, Windows 7, and Windows 8 Dot
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3 SETUP

We assume the DVK-BL654PA development kit has its default out-of-the-box settings as described in the BL654PA Quick
Start Guide (available from the BL654PA product page. In this mode, it is in AT or interactive mode (no smartBASIC

application loaded or running) on power up.
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Figure 1: Default DVK-BL654PA devboard switch and jumper settings
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4 ENTERING DIRECT TEST MODE

To enter DTM, follow these steps:

1. Open UwTerminalX.

Ensure you're using the latest version of UwTerminalX by clicking the Update tab and then, in the UwTerminalX panel,
click Check for Updates.

3.  When you're running the newest version of UwTerminalX, open the Config tab.
4. In the device drop down, select BL654PA to populate the default communications settings.

5. Select the correct COM port.
If you cannot select BL654PA, manually select the following UART settings (shown in Figure 2):

COM Port Port corresponding to your development kit
Baud Rate 115200

Parity None

Stop Bits 1

Data Bits 8

Handshaking CTS/RTS

UwTerminalX (v1.10a) e

Terminal | Config | SpeedTest | Update | About | Logs | Editor |

| ok || out || Duplcate ||Error Code Viewer|[BL654 USB Dongle - Exit autorun
Port Settings Terminal Misc

Device BL&SK v B — ':?:' R ':::' LF Run program (@ Before () After XCompils

[ Refresh ” Auto ] O RIF O LFCR This allows you to run a program/batch/bash file befores
nefre = AT+FWRH Line Size: 50 after a smartBASIC file is XCompiled/downloaded. %1 wil

Port CDM125| - Confirm module dearing be replaced with the sbluwc file when the execution
— . ) takes place.
Skip download display

Bandrate | 115200 h [] run program even if ¥Compile fails L

Pari Show application filesize
v |1 - S
“ Check license on download | || |
StopBits[t v [ Eucape criLF/Tab —
Local XCompil W Online XC ile  |Cloud XCaompil
Data Bits Shift+enter line seperator rine AL.omple - (Hod &rs

By enabling Online XCompiation support, if a local
. | Enable 55L
Handshaking e XCompiler is not found, the source code will be uploaded
B = ] Weekly update check and compiled remotety on a Laird server. Uploaded file
Save Device Configuration Latest firmware checking data is not stored by Laird but IP addresses are stored in
access logs which are used for security purposes only.
Log file: UwTerminal¥.log E] Enable Logging Append to Log

USE Serial Port (FTDI) [AS06WNTFA]

UwTerminalX-55L version 1.10a (Windows (x86]), Built Jun 8 2018 Using QT 5100, Open55L1.0.2e

Figure 2: UwTerminalX Settings

6. Click OK to connect.

7. Set up the module into Direct Test Mode, you will need to retrieve two sets of four characters each which function as a
unigue passcode to enter direct test mode. To retrieve the characters, issue the following command:
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AT I 14

You should receive a response such as:

10 14 01 123456789ABC

Note the characters in the highlighted positions above. In our example in Figure 3, they are DC62 and 7341.

B| uwTerminalX (v1.10a) - O *

Terminal Config Speed Test Update About Logs Editor
crs@ osr@ oo @ 1@ RS DTR BREAK [ ] LocalEcho LineMade Clear Close Port

[COM130:115200,M,8,1,H]{cr} | Download Tx Left: | O | Tw: | 7417 | Rx: | 1749 | LastRx: | 27/08 @ 18:00:23 Cancel

[COM130:115200,M,8,1,H]{cr}
Figure 3: Return from at i 14

8. To enter Direct Test Mode, using the characters you found in the previous steps, issue the AT+DTM command as
follows:

AT+DTM 0xDC627341

The module is now in Direct Test mode.

9. Click Close Port to disconnect the development board from UwTerminalX.
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5 USING DIRECT TEST MODE

Now that the module is in Direct Test Mode, it accepts DTM commands as specified in the BT SIG Bluetooth Core
Specifications. See Bluetooth Core Specifications v 4.1 vol. 6 part F - Direct Test Mode, at
https://www.bluetooth.com/specifications/bluetooth-core-specification.

To use Direct Test Mode, you need Nordic’s nRFgo Studio, found at: http://www.nordicsemi.com/eng/Products/Bluetooth-low-
energy/nRF52832

Once the BL654PA is in DTM mode, you can communicate with the BL654PA over the UART with UwTerminal using the
following communications settings:

COM Port Same as before
Baud Rate 19200

Parity None

Stop Bits 1

Data Bits 8

Handshaking CTS/RTS

5.1 Configuration of Module Settings (Optional)

Before entering DTM Mode, you may configure TX Power, Baud Rate, and REG1 and REGO DCDC (REG1 for Normal
Voltage Mode and REGO for High Voltage Mode). Changing these values is optional. However, if you choose, you may set
these values as follows (Note that if using BL654 firmware 29.5.7.2 and an option is changed, the following command must be
used prior to entering DTM mode to allow the radio to operate: AT+DTMCFG 19 1):

TX Power (dBm)

Command AT+DTMCFG 1 n
Values for n 18, 14, 6, 0, -6, -26
Default 18

Note: For BL654PA BLE coded PHY 125 kbps (s=8), the RF TX power is limited to 14 dBm (conducted) to be within the
FCCI/IC TX power spectral density limit. Hence, when testing BLE coded PHY 125 kbps (s=8) in DTM mode, set TX
power to 14 dBm setting.

Baud Rate
Command AT+DTMCFG 2 n
Values for n 9600, 14400, 19200, 38400, 57600, 115200
Default 19200

DCDC REGT (for Normal Voltage Mode operation)

Command AT+DTMCFG 3 n
Values for n 0 (Disabled), 1 (enabled)
Default 1
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DCDC REGO (for High Voltage Mode operation)

Command AT+DTMCFG 11 n
Values for n 0 (Disabled), 1 (enabled)
Default 0

Enable 32KHz Crystal based LF Clock

Command AT+DTMCFG 4 n
Values for n 0 (Disabled), 1 (enabled)
Default 1

GPIO control enable

Command AT+DTMCFG 5 n
Values for n 0 (Disabled), 1 (enabled)
Default 0

GPIO (0..31) Enable Bitmask

This will be ignored if AT+DTMCFG 5 is set to 0 (which is the default). If a bit is set then the bit number corresponds to the
gpio number which is enabled.

Command AT+DTMCFG 6 bitmask
Values for n 0x00000000 to OxFFFFFFFF (bit O is the lowest significant bit)
Default 0

GPIO (0..31) Direction Bitmask

This will be ignored if AT+DTMCFG 5 is set to O (which is the default). If a bit is set then the bit number corresponds to the
gpio number will have the direction input when the bit is 0 and an output when the bit is 1.

Command AT+DTMCFG 7 bitmask
Values for n 0x00000000 to OxFFFFFFFF (bit O is the lowest significant bit)
Default 0

GPIO (0..31) State Bitmask

This will be ignored if AT+DTMCFG 5 is set to 0 (which is the default). If a bit is set then the bit number corresponds to the
gpio number will have the output set to this value if DTMCFG 7 was used to set the direction as output.

Command AT+DTMCFG 8 bitmask
Values for n 0x00000000 to OXFFFFFFFF (bit O is the lowest significant bit)
Default OXFFFFFFFF
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GPIO (32..47) Enable Bitmask

This will be ignored if AT+DTMCFG 5 is set to O (which is the default). If a bit is set then the bit number corresponds to the
gpio number which is enabled. Note that GPIOs 34 and 36 are used to control the PALNA and their functionality should not be
modified by this command.

Command AT+DTMCFG 16 bitmask
Values for n 0x0000 to OXFFFF (bit O is the lowest significant bit)

Default 0

GPIO (32..47) Direction Bitmask

This will be ignored if AT+DTMCFG 5 is set to 0 (which is the default). If a bit is set then the bit number corresponds to the
gpio number will have the direction input when the bit is 0 and an output when the bit is 1. Note that GPIOs 34 and 36 are
used to control the PALNA and their functionality should not be modified by this command.

Command AT+DTMCFG 17 bitmask
Values for n 0x0000 to OXFFFF (bit O is the lowest significant bit)
Default 0

GPIO (32..47) State Bitmask

This will be ignored if AT+DTMCFG 5 is set to O (which is the default). If a bit is set then the bit number corresponds to the
gpio number will have the output set to this value if DTMCFG 7 was used to set the direction as output. Note that GPIOs 34
and 36 are used to control the PALNA and their functionality should not be modified by this command.

Command AT+DTMCFG 18 bitmask
Values for n 0x0000 to OXFFFF (bit O is the lowest significant bit)
Default OXFFFFFFFF
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5.2 Start Direct Test Mode with nRFgo Studio

nRFgoStudio does not allow the data rate to be changed and default is 1Mbps, other PHY data rates such as 2Mbps, coded
PHY 500kbps (s=2) and 125kbps (s=8) cannot be selected.

To begin using Direct Test Mode, follow these steps:

1. Open Nordic nRFgo Studio.
2. In nRFgo Studio, click Direct Test Mode in the features panel to open the Direct Test Mode panel as shown in

Figure 4.
-
™ nRFgo Studio - Direct Test Mode UARmherfaoe
File View pnRFB001 Setup Help
Features X Di
4 24 GHz
4 Front-End Tests Set
TX carrier wave output -
RX constant carrier/LO leakage =
TX/RX channel sweep M
RX sensitivity @
4 Bluetooth ]
nRFE001 Configuration al
Dispatcher i
Trace Translator e
Direct Test Mode
nRF&002
Pay

Figure 4: Opening the Direct Test Mode panel

3. From there, you can place the module in constant TX or RX mode. Consult the nRFgo Studio built-in help for more

information.

5.3 Transmit Test

To conduct a transmit test, configure the options in the Direct Test Mode panel as follows:

COM Port Same as previous
Mode Transmit
Channel 19 (2440 MHz)

PRBS9 — If a BLE-modulated TX signal is required

Payload Model -or-
Constant Carrier — If a continuous [CW] TX signal is required
Payload Length | 37 bytes
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Once configured, click Start Test. If successful, no errors should show, as illustrated in Figure 5.

-
™ nRFgo Studio - Diract Test Mode UART interface l E=HA=E
— e — o
File View nRF8001 Setup Help
Featur 21 i i
satres Direct Test Mode UART interface
4 24 GHz
4 Front-End Tests Setup on [ - I [ Program ] |
TX carrier wave output -
RX constant carrier/LO leakage Com port |COM252 ‘ [REﬁESh fstof com, pons]
TX/RX channel sweep Mode
RX sensitivity @ Transmit Receive
4 Bluetooth
nRFE001 Configuration Channel
Dispatcher .
Trace Translator @) Singe Sweep
Direct Test Mode
hrao0s
Payload mode! |Cnnstant carrier - |
Payload length | 1bytes = |
i Packets received N/A
; Stop test
(| Device Manager X _
I Motherboards

nRF5x Programming
nRF5x Bootloader
nRF24LU1+ Bootloaders

Log
(c) Nordic Semiconductor ASA 2008-2015

Figure 5: Successful initiation of TX Test

With the module is in a Transmit test, you can measure the signal on a spectrum analyzer.

5.4 Receive Test

To conduct a receive test, configure the options in the Direct Test Mode panel as follows:

COM Port Same as previous
Mode Receive
Channel 0 (2402 MHz)

Once configured, click Start Test. If successful, no errors should show.

Note: Rx Mode produces an RX LO leakage at the following frequency: 2*fRx-1MHz.
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5.5 Start Direct Test Mode Laird Connectivity BleDtmRfTool

Laird Connectivity’s BleDtmRfTool allows all BT PHY data rates to be tested, 1 Mbps, 2 Mbps and coded PHY 500 kbps (s=2)
and 125 kbps (s=8).

To begin using Direct Test Mode, follow these steps:

1. Open Laird Connectivity BleDtmRfTool (Figure 6).

i B |

Terminal] BASIC  Config l.ﬁppLicence] About ]

Ok, |Eancel| Guit |

Iy just want ko

& Comport COM|[EE | [ Poll for port enter the BASIC tab
" Tep Socket and pou do nat have
2 Baudrate|19200 - e
Line Terminatar Parity|Mone  ~ SE:]CEE tIIeCnpuSnTiitEt
i CR o
f - Client' so that
" LF Stop Bits| 1 streaming
~ CRLF Data Bits | 8 - commnications
" LFCR happen over a topdip
Handshaking | None - connection from
within & smartBASIC
application

18  Signifizant Chrs in Xcmp Mame

v Use AT+FwRH Command

70 Maz AT+PwRH Command Len
[v Trace/Log BASIC comms traffic in Terminal ‘Window

Log Filename | [~ Append

Figure 6: BleDtmRfTool UART communication settings

2. In BleDtmRfTool, click DTM button located in the top right to open the Direct Test Mode panel as shown in
Figure 7.

o ——— a
e

| Teminal | BaSIC| Config | AppLicence | About |
CTS# DSRE DCOW R RTSV DTRV BREAK| LocalEcho v LineMode[v EIeallCInsePurll THTH

Right-click for pop-up menu for more options.

[COM125:19200,N,8,1]{cr} Tx R

Figure 7: BleDtmRfTool
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3. In BleDtmRfTool DTM panel, there are two ways to use BleDtmRfTool, either manual entry or pressing buttons
(Figure 8).

CMD |LE_T est_Setup |

EUNTHULE (0..63)

Manual ent

PARAMETER Il] (0..63]

TEST EMD LE RESET THMPHY

R Event

2MPHY | LE CODED[5=8] | LE CODED[S5=2]

Pressing bjittons
MOD'M INDEX [STD] | MOD'M INDEX [STABLE]

Frequency  Lendgth Pkt Tepe I
TRANSMIT | Il] vl |2l] ;I Il]l] LI RECEIVE

Figure 8: Opening the Direct Test Mode panel in BleDtmRfTool

5.5.1 Transmit Test

To perform a transmit test, follow these steps:

1. Always start by pressing LE RESET.
2. Configure the applicable options in the Direct Test Mode. See Figure 9 for an example.

DTM )

CMD |LE_Tesl_S etup |

EDNTFI[ILII] (0..63)

PARAMETER [0 (0..63)

DEII]I] vl 1] Send |EIK:DEIEIEI

TEST END | LE RESET | 1MPHY |

R Event ||

IMPHY | LE CODED[5=8) | LE CODED[$=2) |

HMOD'N INDEX [STD] | HMOD'N INDEX [STABLE) |

Frequency  Lenagth Pkt Tvpe
|19 v[ o~ - HEEEIVEl

If nothing iz happening have you checked the baudrate and that CTS/RTS handshaking iz
dizabled in thiz application’s Config Tab

Figure 9: Direct Test Mode options
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COM Port Same as previous

LE RESET First start by pressing LE RESET.

Select data rate from 1 MPHY or 2 MPHY or LE CODED (S=8) or LE CODED (S=2) or selecting

Data rate continuous CW select 1 MPHY

Standard or

Stable BL654PA series BLE module currently does support standard modulation index, so press MOD’N
Modulation INDEX (STD)
Index
Channel 19 (2440 MHz)
00 PRBS9 packet payload
01 11110000 packet payload
Payload Model 10 10101010 packet payload
11 on the LE Uncoded PHYs: vendor specific

i.e. Pkt Type
on the LE Coded PHY: 11111111

Pkt Type 00 — If a BLE-modulated TX signal is required with PRBS9 Packet payload
_Or_
Pkt Type is 11 — If a continuous [CW] TX signal is required

0 bytes to 63 bytes
Set Length to 0 — If a continuous [CW] TX signal is required

Payload Length

TRANSMIT To start TX test, press TRANSMIT.

3. Once configured, click TRANSMIT. If successful, no errors should show, as illustrated in Figure 5. Figure 8 shows a TX

CW test.
BleDtmRfTool v8.00 [ R

Temminal | BASIC | Config | AppLicence | About |
CTS# DSREE DCOME RHE RTSHV DTRV BREAK[™ LocalEcho ¥ LineModel¥ Clear| ClosePort

Right-click for pop-up menu for more options.

|| | [COM125:19200,M,8 1){cr} Tx |7 Rx |6

L

Figure 8: Successful initiation of TX Test
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With the module is in a Transmit test, you can measure the signal on a spectrum analyzer. Check the TX duty cycle of
your RF transmission (using zero span mode on the spectrum anlayser).

5.6 Receive Test

To conduct a receive test, configure the options in the Direct Test Mode panel as follows:

COM Port Same as previous
LE RESET First start by pressing “LE RESET".
Data rate 1MPHY or 2MPHY or LE CODED (S=8) or LE CODED (S=2)

Standard or Stable | BL654PA series BLE module currently does support standard modulation index, so
Modulation Index press MOD’N INDEX (STD)

Channel (fRx) 19 (2440 MHz)
00 PRBS9 packet payload
01 11110000 packet payload

Payload Model

(such as Pkt Type) 10 10101010 packet payload

11 On the LE Uncoded PHYs — Vendor Specific
On the LE Coded PHY — 11111111

Pkt Type 00 — If a BLE-modulated RX signal is required with PRBS9 Packet payload

0 bytes to 63 bytes
Set Length to 0 — If a continuous [CW] TX signal is required

RECEIVE To start RX test press RECEIVE

Payload Length

Once configured, click RECEIVE. If successful, no errors should show. The RX Event shows how many packets are
received.

Note: Rx Mode produces an RX LO leakage at the following frequency: 2*fRx-1MHz.

6 EXITING DTM MODE

To exit DTM, follow these steps:

1. Open UwTerminalX with the following settings:

COM Port Same as previous
Baud Rate 19200

Parity None

Stop Bits 1

Data Bits 8

Handshaking None

2. Click OK to connect.
3. Right-click the terminal screen and in the context menu, click Automation.
4. In the following screen, modify the fields as shown in Figure 10.

= |n the first field, enter \3F\FF.

= |n the second field, enter \3F\FE (Note: this command is applicable to BL654 firmware version 29.5.7.2 onwards
only).
= Tick the box for De-Escape Strings.
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5. To clear DTM configuration and exit from it until the DTM command is used again, click the second use button, to exit
temporally until the module is reset or power cycled, press the first send button

1,
Send  |[\aryF
send  |[iarie
Send I
Send I
Send I
Send |
Send I
Send I
Send I
Send |
Load | Save ||; Un-Escape Strings rOnTop {0190y TOP | Up | Dowin | BOTTOMl Clear | Close |
[Status] 4

Figure 10: Automation dialogue

6. After this command is complete, close UwTerminalX. Then re-open it and connect to the BL654PA with the following

default parameters:

COM Port Same as previous
Baud Rate 115200

Parity None

Stop Bits 1

Data Bits 8

Handshaking CTS/RTS

7. Click OK to connect.

8. Check that you get a response by pressing Enter in the terminal window. You should the following response:

00

9. If you wish to change any DTM configuration, you may do so now, you can also query what the current DTM

configuration is by using the “at+dtmcfg X?” where X is the index to query, as specified in the Configuration of Module
Settings (Optional) section.

10. If you would like to erase all non-volatile data and the module’s file system, enter this command:

at&f*

The module erases its file system and reboot, as shown in Figure 11.

Figure 11: at&f* to erase and reboot module
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7 REVISION HISTORY
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